(19) 



J 





(12) 



(45) Date of publication and mention 
of the grant of the patent: 
17.07.1996 Bulletin 1996/29 

(21) Application number: 90904553.6 

(22) Date of filing: 23.02.1990 



Europalsches Patentamt 
Eur pean Patent Office 
Office europeen des brevets (11) EP 0 448 651 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int. CI. 6 : A61N1/36 



(86) International application number: 
PCT/US90/01004 

(87) International publication number: 

WO 91/04069 (04.04.1991 Gazette 1991/08) 



(54) FEEDTHROUGH CONNECTOR FOR IMPLANTABLE MEDICAL DEVICE 

VERBINDUNGSANORDNUNG ZUR ZUFUHR BEI IMPLANTIERBARER ARZTLICHEN 
VORRICHTUNG 

CONNECTEUR DE TRAVERSEE POUR APPAREIL MEDICAL IMPLANTABLE 



00 

."> 
CO 

00 



CL 
LU 



(84) Designated Contracting States: 
DE FR GB IT NL SE 

(30) Priority: 19.09.1989 US 409202 

(43) Date of publication of application: 
02.10.1991 Bulletin 1991/40 

(73) Proprietor: PACESETTER, INC. 
Sylmar, CA 91392-9221 (US) 

(72) Inventors: 

• TRUEX, Buehl, E. 
Glendora, CA 91740 (US) 



• STUTZ, William, H., Jr. 
Burbank,CA91505(US) 

(74) Representative: Rees, David Christopher et al 
Kilbum & Strode 
30 John Street 
London WC1N2DD(GB) 



(56) References cited: 
DE-A-2 845175 
US-A- 3 760 332 
US-A-4 316 471 



US-A- 3 683 932 
US-A- 3 871 382 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. K shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



1 



EP 0 448 651 B1 



2 



Description 

The present invention relates to an electrical con- 
nector used with an implantable medical device, such as 
a pacemaker, for connecting an implantable electrical 
lead to the electrical circuits within a hermetically sealed 
housing of the medical device. More particularly; the 
present invention relates to a feedthrough/connector for 
use with a sealed implantable pacemaker that combines 
the connector function with the feedthrough function and 
that eliminates the need for the cast or other preformed 
epoxy connector that has heretofore been used on 
implantable pacemakers. 

Modern pacemakers monitor the activity of a heart 
and provide a stimulation pulse in the absence of normal 
heart activity. Advantageously, such devices are rela- 
tively small, light-weight and implantable. In order to 
sense and stimulate the heart, however, such pacemak- 
ers must be used with a pacemaker lead -an electrical 
conductor that carries electrical signals between the 
heart and the pacemaker. Advantageously, the pace- 
maker lead can be inserted into the heart transvenously 
through a relatively simple and well-known surgical pro- 
cedure. Disadvantageous^, one end of the lead (desig- 
nated herein as the "connecting end") must be 
electrically and mechanically secured to the pacemaker 
in a way that provides for a long-term safe and secure, 
yet detachable, connection. Those skilled in the pace- 
maker art have long sought for a simple, yet reliable and 
safe, means for making this detachable electrical and 
mechanical connection between the pacemaker device 
and the connecting end of the pacemaker lead. 

In order to appreciate the advantages of the present 
invention, it will help first to have a basic understanding 
of the manner in which the mechanical and electrical 
connection functions are carried out in prior art pace- 
makers. The main components associated with the con- 
nection function of known prior art pacemakers are 
shown in Figs. 1 and 2. A pacemaker 10 electrically 
includes a battery 14 that powers electrical circuits 12. 
The pacemaker electrical circuits 12 and battery 14 are 
mechanically housed and hermetically sealed in a suit- 
able housing 16. Typically, this housing or case 16 is 
shaped to include a flat side or platform 20 to which a 
suitable epoxy connector 22 can be bonded. At least one 
feedthrough terminal 18. in electrical contact with the 
electrical circuits 1 2, passes through the case or housing 
16 and protrudes out from the platform 20. This 
feedthrough terminal 18 is electrically isolated from the 
case 16. A platinum wire 24, or other suitable conductive 
element, connects the terminal 18 to a conductive con- 
nector block 26 that is fitted within the connector 22. A 
pacemaker lead 28, having a proximal electrode 30, con- 
nects to the pacemaker electrical circuits by inserting the 
proximal electrode 30 into a receiving channel 31 of the 
connector 22 until the electrode 30 is in contact with the 
connector block 24. A set screw 32 is then securely tight- 
ened using a torque wrench 34 to firmly hold the elec- 
trode 30 in both mechanical and electrical connection 



with the connector block 26. A septum (not shown) is typ- 
ically placed over the set screw 32 in order to prevent 
body fluids from seeping through the set screw hole. Fur- 
ther, sealing ribs or ridges 36 on the connecting end of 

5 the pacemaker lead are designed to tightly engage the 
inside edges of the receiving channel 31 in order to pre- 
vent any body fluids from entering into the receiving 
channel 31 once the connecting end of the lead has been 
pushed into the connector 22. 

10 Representative descriptions of many of the features 
and functions of prior art pacemaker connection systems 
may be found in U.S. patents: 3,683,932; 3,760,332; 
4,142,532; 4,154,248; 4,182,345; and 4,316,471. While 
that which is described in these prior patents varies 

is greatly relative to, for example, different types of locking 
mechanisms for performing the mechanical connection 
function, or different types of arrangements for perform- 
ing the electrical feedthrough function, including the use 
of bipolar or multiple connector leads, all such systems 

20 include the use of a premolded or cast connector 22 that 
is bonded to a sealed pacemaker housing 16 in which 
the electrical circuits are located. 

Typically, prior art connectors 22 are cast in place 
from epoxy to the platform or header 20 of the pace- 

25 maker, or a premolded connector is bonded to the plat- 
form 20 using a suitable sealing and bonding agent. 
Further, once the electrical connection is made from the 
terminal post 1 8 to the connector block 26, and the con- 
nector is attached to the housing, all remaining voids 

30 within the connector 22, not including the receiving chan- 
nel 31 into which the proximal end of the lead is to be 
inserted, must be filled with a suitable filler material, such 
as a two-component epoxy or silicone rubber. 

As is evident from the above description, placing a 

35 connector on a pacemaker housing is a very labor-inten- 
sive process involving many components, what is 
needed is a simpler manner of lead attachment that pro- 
vides the requisite mechanical and electrical connection 
functions using fewer components and less labor yet pro- 

40 viding higher reliability. The present invention addresses 
these and other needs. 

DE-A-2845175 discloses an implantable medical 
device comprising an hermetically sealed housing hav- 
ing an electrical connector. The connector comprises a 

45 tubular barrel which defines a channel protruding into the 
housing but which does not break the seal of the housing. 
Locking means are provided for detachably locking and 
gripping a lead inserted axially into the open end of the 
channel. 

so According to the present invention, there is provided 
an implantable medical device comprising: an hermeti- 
cally sealed housing; an electrical circuit within the hous- 
ing; an electrical connector within the housing 
comprising a tubular barrel having an open end and a 

55 closed end, the open end being attached to an exposed 
surface of the housing, the closed end being internal to 
the housing, the tubular barrel creating a tubular channel 
that protrudes into the sealed housing, but does not 
break the seal of the housing; and locking means for 
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detachabty locking and gripping an electrical lead 
inserted into the open end of the tubular channel in elec- 
trical contact with conductive means; characterised in 
that: the tubular barrel is in the form of a tubular barrel 
. assembly in which the inside of the tubular channel is s 
open to the outside of the sealed housing through the 
open end, and the inside of the tubular channel has 
engaging means; the tubular barrel assembly further 
comprising means for making electrical contact (94) 
between the electrical circuit and the conductive means w 
in the form of a selected first portion of the inside of the 
tubular channel; the locking means comprising: a cam 
and cam follower each having a hollow essentially tubu- 
lar coaxial portion having a diameter that allows the elec- 
trical lead to pass therethrough, the cam being rotataWe 75 
between a first and a second positions, the cam having 
detent means being received by the engaging means for 
preventing axial translation of the cam, the cam follower 
engaging the cam such that as the cam is rotated from 
the first to the second position, the cam follower moves 20 
away from the cam in an axial direction; and gripping 
means for engaging the cam follower and for gripping the 
electrical lead whenever the cam is rotated from the first 
to the second position and for releasing the electrical 
lead whenever the cam is rotated from the second to the 2 s 
first position. 

The present invention provides a feedthrough con- 
nector in a pacemaker, or other implantable medical 
device, that advantageously combines the connector 
function with the feedthrough function and eliminates the 30 
need for the cast epoxy connector previously used on 
prior art pacemakers. Eliminating the external cast epoxy 
connector advantageously eliminates the need for sep- 
tums, setscrews, and the feedthrough terminal and its 
associated platinum wires and connector blocks, as well 35 
as the whole time consuming casting process with its 
inherent propensity for cosmetic problems. 

The feedthrough/connector used in the present 
invention includes a barrel assembly having an open end 
and a closed end. The open end of the assembly pro- 40 
vides an opening into which the connecting end of a 
pacemaker lead, or other electrical lead, can be inserted. 
The barrel assembly includes metal (conductive) por- 
tions separated by ceramic (nonconductive) insulating 
portions. An overlap region of the conductive portions, 45 
separated by the nonconductive portion, advanta- 
geously provides structural strength as well as a capac- 
itor structure. This capacitor helps filter out unwanted 
electromagnetic interference (EMI) signals from passing 
through the connector. Spring contacts are mounted on so 
the inside of the metal portions and are adapted to make 
electrical contact with the appropriate electrodes of the 
pacemaker or other electrical lead when the connecting 
end of the lead is inserted into the connector. 

During assembly of the pacemaker or other device, ss 
the barrel assembly is fitted into an opening in the device 
housing with the open end being flush with the surface 
of the housing and the closed end protruding into the 
housing. The outer side of the metal portions are elec- 



trically connected to the appropriate electrical circuit 
within the housing, and the open end of the barrel assem- 
bly is welded or otherwise bonded to the device housing 
so that the inside of the device can be hermetically 
sealed. Releasable lead gripping means are included as 
part of the barrel assembly to detachably lock and seal 
the connecting end of the electrical lead in its inserted 
position inside of the connector. 

It is a feature of the present invention to provide a 
feedthrough/connector system that eliminates the need 
for the cast epoxy type of connectors used in prior art 
pacemakers, and the multiplicity of problems and costs 
associated with the use of such cast connectors. 

It is a further feature of the invention to provide a 
pacemaker or other implantable medical device that can 
be made from fewer components and that provides the 
requisite mechanical and electrical feedthrough func- 
tions at lower cost and higher reliability than prior art con- 
nection systems. 

Still a further feature of the present invention is to 
provide a pacemaker that can be smaller than pacemak- 
ers of the prior art that perform an equivalent function. 

Yet a further feature of the present invention is to pro- 
vide a connection system used with an implantable med- 
ical device, such as a pacemaker, that firmly yet 
detachably locks and seals the connecting end of an 
electrical lead thereto but that does not require the use 
of setscrews, septums. or equivalent mechanical secur- 
ing and sealing devices. 

A still further feature of the present invention is to 
provide a connection system used with implantable med- 
ical devices that is compatible with existing electrical 
leads, whereby a medical device having the connection 
system of the present invention may replace a prior art 
system and still utilize an existing implantable or 
implanted lead that was used with the prior art system. 

The above and other features and advantages of the 
present invention will be more apparent from the follow- 
ing more particular description thereof, presented in con- 
junction with the following drawings, wherein: 

Fig. 1 is an exploded view of a prior art pacemaker, 
showing the sealed pacemaker housing 16 and its 
cast epoxy connector top 22; 
Fig. 2 is a a partial cutaway side view of a prior art 
pacemaker, showing the assembled relationship 
between the main components thereof; 
Figs. 3A and 3B conceptually compare the layout 
and hermetically sealed area of a prior art pace- 
maker (Fig. 3A) and the pacemaker of the present 
invention (Fig. 3B); 

Fig. 4 is a partial cutaway and exploded side view of 
a pacemaker having the feedthrough/connector 
showing the relationship between the main compo- 
nents thereof; 

Fig. 5 is a view as in Fig. 4 of an alternative arrange- 
ment of the main components used in the invention; 
Figs. 6A and 6B are partial side views of the barrel 
assembly showing the connector in its closed or 
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locked position (Fig. 6A), and its open position (Fig. 
6B); 

Figs. 7A-7D are side sectional views (Figs. 7A. 7C, 
7D) and an end view (Fig. 7B) of an alternative 
embodiment of the barrel assembly wherein a collet 
is used as the locking means; 
Fig. 8A is a side cutaway view of still an additional 
alternative embodiment of a portion of the barrel 
assembly wherein a twist-locking bayonet-type 
mechanism is used to lock the lead into its inserted 
position within the receiving channel of the barrel 
assembly; 

Fig. 8B is a partial sectional view taken along the 
line 8B-8B of Fig. 8A; 

Fig. 9A is an enlarged side view of the electrical con- 
tact means used within the barrel assembly for the 
purpose of making multiple electrical contacts 
between a conductive cylindrical portion of the bar- 
rel assembly and an electrode of the pacemaker 
lead; 

Fig. 9B is a sectional view taken along the line 9B- 
9B of Fig. 9A; 

Figure 10 is a partial cutaway perspective front view 
of the locking means of the present invention; 
Figure 1 1 is bottom view of the cam of the locking 
means of Figure 10; 

Figure 12A is a front view of the cam follower of the 
locking means of Figure 10; and 
Figure 12B is a side elevation view of the cam fol- 
lower of Figure 12 A. 

The examples of figures 4.6-8B are disclosed 
merely for a better understanding of the invention, but 
they are not claimed. 

The following description presents the best contem- 
plated mode for practicing the invention. This description 
is not to be taken in a limiting sense but is made merely 
for the purpose of describing the general principles of 
the invention. The scope of the invention should be 
ascertained with reference to the appended claims. 

The present invention is best understood with refer- 
ence to the drawings, wherein like numerals are used to 
represent like parts or elements throughout. Where ele- 
ments in one figure are similar to elements of another 
figure, but not the same as, such elements may be 
referred to using a modified reference numeral, e.g., 72' 
or 72" instead of 72. 

Figs. 1 and 2 have been described previously in con- 
nection with the description of the prior art 

Fig. 3A likewise depicts a prior art pacemaker 
device. Fig. 3 A shows the relative size of the device and 
area therewithin that is hermetically sealed. The sealed 
area is the shaded area 38. As has been indicated, the 
electrical circuits 12 of the pacer are housed in the 
sealed area 38. In order to make electrical contact with 
these circuits 12, at least one feedthrough terminal 18 
must pass through the case 1 6. Some type of insulating 
material 19 must be used with the feedthrough terminal 
18 in order to electrically insulate this terminal from the 



case 16. (A portion of the case 16 typically functions as 
a return electrode for unipolar pacing.) 

Fig. 3A should be compared to Fig. 3B, where there 
is shown a simplified side sectional view of a pacemaker 

5 40 incorporating the present invention. In Fig. 3B, that 
portion of the pacemaker that is hermetically sealed is 
the shaded area 42. This area is enclosed by the case 
44 of the pacemaker. As with the prior art device, this 
sealed area 42 includes the electrical circuits 12 of the 

10 pacer. Unlike the prior art device, a receiving channel 46 
protrudes inwardly into the pacer. This channel may con- 
ceptually be thought of as an indented channel for it 
includes an open end 48 flush with the surface of the 
pacer housing 44 and a closed end 50 within the pacer 

is housing 44, thereby forming, as it were, a long narrow 
indent within the pacer housing 44. (As will be described 
more fully below, the receiving channel 46 is not formed 
by indenting the pacer housing 44. Nonetheless, for pur- 
poses of illustrating those areas of the pacer that are 

20 sealed from those areas that are not, it may be helpful 
to conceptualize the receiving channel as an indented 
channel.) The inside walls 45 of the receiving channel 
46 are not included within the sealed areas of the pace- 
maker 40 for they are open to the outside environment 

25 of the pacer through the open end 48. In contrast, the 
reverse side of the inside walls 45 of the receiving chan- 
nel 46 (referred to hereafter as the "backside" or "out- 
side" walls of the receiving channel 46) are exposed to 
the sealed inner portions of the pacemaker. 

30 Still referring to Fig. 3B, a portion 52 of the walls of 
the receiving channel 46 are made from a conductive 
material, such as a short 31 6L stainless tubular section. 
This conductive portion is insulated from the pacer walls 
44 by insulating (nonconductive) portions 54 of the walls 

35 of the receiving channel 46 which are adjacent the con- 
ductive portion. Typically, as is explained more fully 
below, these nonconductive portions 54 may be made 
from short ceramic tubular sections that are hermetically 
bonded to the conductive portion 52 and the walls of the 

40 channel 45. However, any suitable nonconductive mate- 
rial, such as an epoxy or polymer substance, could be 
used to perform this insulating function providing that a 
suitable hermetic bond is made thereto. 

The backside or outside of the conductive portion 52 

45 is electrically connected to the pacemaker circuits 1 2 by 
means of a suitable electrical conductor 56. Advanta- 
geously, because the conductor 56 is only included 
within the sealed portion 42 of the pacer, it can be made 
from any suitable electrically conductive material, not 

so just those types of conductors (such as titanium) that are 
compatible with exposure to body fluids. However, the 
conductor 56 should be made from a material that is 
compatible with the type of material used for the conduc- 
tive portion 52 of the receiving channel 46 in order to 

55 prevent any galvanic or other adverse reactions between 
dissimilar metals in electrical contact with each other. 

Referring now to Figs. 4, 6A and 6B, a more detailed 
cutaway side and sectional views of a pacemaker 60 is 
shown. Included in Fig. 4 is a side view of the connecting 
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end 62 of a pacing lead 64 adapted to be inserted into 
the connector, as well as a sectional side view of a lead 
lock button 70 and sealing/gripping element 103. (For 
clarity, the lead lock button is shown in Fig. 4 in an 
exploded position from its normal position within the 5 
open end of the receiving channel 72 of the connector.) 
The lead lock button 70 and sealing/gripping element 
103 lock and seal the connecting end 62 of the lead 64 
into a receiving channel 72 of the feedthrough connector. 
It is noted that the lead 64 shown in Fig. 4 is a bipolar w 
lead, having a connecting end tip electrode 66 and a con- 
necting ring electrode 68, both of which electrodes must 
make electrical contact with the electrical circuits 12 of 
the pacemaker 60. It is further noted that in recent years 
there has been an effort underway in the pacemaker 75 
industry to voluntarily standardize pacemaker connec- 
tors, at least insofar as the size, spacing, and shape of 
the connecting end of the pacing lead is concerned, 
thereby allowing an implanted lead in a patient to be used 
with any manufacturer's pacemaker. That which is shown 20 
as the proximal end 62 in Fig. 4 is intended to depict that 
which is known as a voluntary standard VS-1 A lead. The 
VS-1 A lead is a bipolar lead having specific dimensions. J 
The specifications associated with the VS-1 A connecting I 
end may be found in public domain documents, such as j 25 
IECSC62D/WG6andlSOTC150/SC2WG2 (July 1987); / 
and Voluntary Standard VS-1 (June 1 986). 1 

Other standardized connecting ends include the VS- 
1 lead and VS-1B lead. One of the advantageous fea- 
tures of the feedthrough connector described herein is 30 
that it is compatible for use with all of these industry 
standard pacing lead connectors. Another desired fea- 
ture of the invention allows the connecting end 62 of the 
lead to be slidably inserted into the connector without 
having to rotate either the lead or the case relative to 35 
each other, which rotation (typically involving a plurality 
of turns, e.g., a rotation of more than 360 degrees) was 
required in some very early prior art pacemakers. See, 
e.g., U.S. Patent No. 3,871,382. 

Figs. 4 and 6A illustrate the manner in which the 40 
feedthrough connector is fabricated. A barrel assembly 
74 is constructed which, when assembled, defines the 
receiving channel 72. The barrel assembly is shown in 
its inserted position within a pacemaker housing in Fig. 
4. The barrel assembly is shown by itself in an enlarged 45 
view in Fig. 6A in order to better illustrate some of the 
details associated therewith. The barrel assembly 74 
includes tubular sections of conductive and nonconduc- 
tive materials that are hermetically joined together. A 
blind hole end piece 76 closes one end of the assembly, so 
and the opposite end 78 is welded to the device housing 
61 . A first conductive section 80 of the barrel assembly 
74 includes a spring contact 90 within a groove 92. As 
shown best in Fig. 6A, this first conductive section 80 
comprises the blind hole end piece 76 welded to an 55 
adjoining conductive section 77. A counter bore is 
machined into one end of the section 77. During assem- 
bly, the spring contact 90 is placed into the bore 79 prior 
to welding the end piece 76 to the section 77. Once this 



weld is completed, the groove 92 is formed (by the bore 
and the end of the end piece 76) , which groove maintains 
the spring contact 90 in its desired position. Both the end 
piece 76 and the section 77 are preferably made from 
316L stainless steel. 

A second conductive section 84 of the barrel assem- 
bly 74 is bonded to the spring contact end of the first con- 
ductive section 80 by means of a first nonconductive 
section 82. In the preferred embodiment, the nonconduc- 
tive section 82 comprises a rigid portion 81 and a seal 
portion 83. Preferably the rigid portion 81 is made from 
a hard relatively nonmelting ceramic bead or ring, and 
the seal portion 83 is made from Kryoflex (Trade Mark), 
a form of meltable ceramic available from Kyle Technol- 
ogy, of Roseburg, Oregon. The sea) portion 83, upon 
being subjected to sufficient heat for a prescribed period 
of time, melts and fuses with the adjacent conductive 
sections 77 and 84 as well as the rigid ceramic section 
81 in order to form a suitable hermetic bond and seal. 

A second spring contact 96 is placed within a groove 
98 located around the inside of one end of the second 
conductive section 84. A silicone seal 87 may optionally 
be placed within a suitable bore at the other end of the 
second conductive section 84. (Besides the seal 87, the 
first nonconductive section 82 and a portion of the con- 
ductive piece 77 are also fitted within this same bore.) 
The silicone seal 87, which includes a plurality of sealing 
ribs 89, tightly encircles the connecting end 62 of the lead 
64 when the lead is inserted into the receiving channel 
72, thereby preventing body fluids from coming in contact 
with the first conductive section 80. As will be explained 
more fully hereinafter, the seal 87 provides only a pas- 
sive and secondary seal for the connector An active and 
primary seal is provided by the lead lock button 70 and 
its associated sealing/gripping element 103. For this rea- 
son, there may be some applications where the seal 87 
may not be needed. 

A third conductive section 88 of the barrel assembly 

74 is similarly bonded to the spring contact end of the 
second conductive section 84 by means of a second 
nonconductive section 86. This second nonconductive 
section 86 is similar to the first nonconductive section 82 
in that it comprises a rigid portion 91 and a seal portion 
93, with the seal portion 93 melting and fusing with the 
adjacent conductive sections 84 and 88 and the rigid 
ceramic 93 upon being subjected to adequate heat for a 
prescribed time period. 

As also seen in Fig. 6A, a positioning groove 75 is 
placed around the backside of the first conductive sec- 
tion 80 of the barrel assembly 74. This positioning groove 

75 is used during manufacture of the pacer in order to 
correctly position and support the assembly within the 
pacemaker or other device. Further, during assembly of 
the barrel 74, ceramic spacer rings 95 and 97 may be 
optionally used around the backside of conductive sec- 
tions 80 and 84, respectively, in order to assure that 
these conductive sections are inserted into the adjacent 
conductive sections the appropriate depth prior to firing 
the ceramic bond and seal. 
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As shown best in Fig. 6A, the conductive section 80 
overlaps the conductive section 84 with the nonconduc- 
tive section 82 being inserted therebetween. Advanta- 
geously, this overlap allows the mechanical strength of 
the conductive sections to overlap and protect the rela- 5 
tively weaker nonconductive sections, thus assuring that 
there are not weak sections of the barrel assembly that 
could easily break. A similar overlap occurs between the 
conductive section 84 and the conductive section 88. 
with the nonconductive section 86 being inserted there- w 
between. 

Further, this overlap advantageously provides the 
structure of a capacitor. That is, a first conductive plate 
(e.g., one end of the conductive section 88) is uniformly 
spaced apart from a second conductive plate (e.g., one is 
end of the conductive section 84) by a dielectric noncon- 
ductive material (e.g., the nonconductive section 86). 
These built-in capacitors (there are two such capacitors) 
advantageously provide an electrical filter for filtering out 
unwanted signals, such as EMI, from the signals present 20 
on the first and second conductive portions, 80 and 84, 
of the barrel assembly. Further, these built-in capacitors 
may be supplemented, as required, with external capac- 
itors, such as capacitors C1 and C2 (Fig. 4), placed 
within the sealed portion of the pacemaker housing. 25 

The conductive sections 80 and 84 are preferably 
made from 316L stainless steel. Conductive section 88 
is made from titanium to facilitate welding it to the hous- 
ing 61. As has been indicated, nonconductive sections 
82 and 86 are preferably made from a ceramic material, 30 
including a rigid portion and a seal or meltable portion. 
Other suitable conductive and nonconductive materials 
could, of course, be used. 

As already mentioned, included within the first con- 
ductive section 80 is a spring contact 90 that is fitted 3$ 
within a groove 92 formed within an inside wall of the 
section 80. This spring contact is preferably a canted coil 
spring, commonly referred to as a garter spring. It makes 
multiple electrical contacts with the conductive sections 
76 and 77 around the periphery of the groove 92. Further, 40 
when the connecting end 62 of the lead 64 is inserted 
into the receiving channel 72, this spring 90 makes mul- 
tiple electrical contacts with the connecting tip electrode 
66. A suitable electrical conductor 94, in electrical con- 
tact with the back side of the conductive section 80 is 45 
also in electrical contact with the electrical circuits 12 
(Fig. 4). Thus, by means of the garter spring 90, which 
is in electrical contact with the inside of the conductive 
section 80, and the conductor 94, which is in electrical 
contact with both the back side of the conductive section so 
80 and the electrical circuits 12, the connecting tip elec- 
trode 66 is placed in electricaJ contact with the electrical 
circuits 12 which are hermetically sealed in the pace- 
maker housing. 

In a similar fashion, the second spring contact 96 is ss 
placed within a groove 98 around the inside of the second 
conductive section 84. The backside of this second con- 
ductive section 84 is electrically connected to the pace- 
maker circuits 12 by means of a second conductor 100. 



This second spring contact 96, which is also a canted 
coil spring, or garter spring, makes multiple electrical 
contact with the connecting ring electrode 68 of the pac- 
ing lead 64 when such lead is inserted into the receiving 
channel 72 of the connector. 

The garter or canted coil springs 90 and 96 comprise 
helically wound spring elements configured in a circle, 
thus forming doughnut-shaped elements. As indicated 
above, these springs advantageously provide multiple 
electrical contacts around the entire periphery of the ele- 
ments with which they come in contact, as shown best 
in Figs. 9A and 9B. Such garter springs are commercially 
available from, for example, Bal-Seal Corporation, of 
Santa Ana, California. 

Still referring to Figs. 4, 6A, and 6B, a lead lock but- 
ton 70 will now be described. This button provides a 
mechanism for locking the connecting end 62 of the lead 
64 into its desired position within the receiving channel 
72 of the feedthrough connector. As is evident from the 
figures, the lead lock button 70 is a relative short annular 
element having an opening 71 through the center 
thereof. This opening has a diameter sufficiently large to 
allow the connecting end 62 of the pacemaker lead 64 
to be snugly passed therethrough. The button 70 further 
has a circumferential lip 102 at one end thereof (used to 
facilitate gripping the button as it is slid between its open 
and locked positions in the receiving channel 72) and a 
plurality of small detent bumps 104 near the other end, 
used to hold the button in either of its two positions. A 
short section of tubular or annular resilient material 103, 
such as silicon rubber, is held captive within the receiving 
channel 72 when the lead lock button is inserted. This 
annular resilient material 103 functions much like a collar 
having an adjustable inner diameter. When the lead lock 
button is in one position, the diameter of the collar allows 
the electrical lead to pass therethrough. When the lead 
lock button is in its other position, explained below, the 
collar assumes a much smaller diameter that pinches the 
lead, thereby preventing the lead from any axial move- 
ment. 

The resilient material 103 has a circumferential 
groove 105 on the outside diameter thereof to allow it to 
bulge or bend inwardly upon axial compression, as 
explained below. The material from which the button is 
made, in conjunction with the thickness of the walls of 
the button 70, and the plurality of detent bumps 104 
(which engage circumferential grooves around the inside 
of the third conductive section 88) allow the button to 
snap into an open or locked position in much the same 
manner as the cap of a felt-tip pen (which includes one 
or more circumferential grooves) snaps on to the pen 
body (which includes a plurality of detent bumps). 

Included around the inside circumference of the third 
section 88 of the barrel assembly 74 are spaced-apart 
grooves 108. 109 and 1 10. These grooves are adapted 
to receive the detent bumps 104 of the lead locking but- 
ton 70. Once the lead locking button is slidably inserted 
into the receiving channel 72, the combination of detent 
bumps and grooves allow for two positions of the button 
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70: (1) a captive open position (Fig. 6B) that allows the 
lead 62 to freely pass into or out of the receiving channel 
72; and (2) a closed position (Fig. 6A) wherein the lead 
62 is locked into the receiving channel. In the open posi- 
tion (Fig. 6B) , the detent bumps 1 04 engage grooves 1 08 
and 109, thus holding the locking button captive within 
the connectors and the resilient material 103 is held cap- 
tive between the end of the nonconductive sections 91 . 
93 and the end of the lead lock button 70. In this open 
position, the material 1 03 is not substantially axially com- 
pressed, and the lead 62 can pass therethrough. In the 
closed or locked position (Fig. 6 A) , the detent bumps 1 04 
engage grooves 109 and 110, and the resilient material 
1 03 is subjected to a significant axial compression, which 
compression causes it to fold or bend at the groove 105 
and bulge radially inward into the receiving channel 72. 
This action causes the resilient material 1 03 to firmly grip 
and compress the lead 62 around its circumference, 
much like a shrinking collar. Advantageously, this grip- 
ping action further provides an active (under pressure) 
seal that totally and completely blocks the entry of any 
body fluids into the receiving channel 72. 

In the preferred embodiment, the resilient tubular 
material 103 is a noncompressible elastomer, such as 
silicone or urethane. The gripping action on the lead lock- 
ing button 70 places the elastomer of the lead lock mech- 
anism in firm contact with the silicon rubber of the pacing 
lead. As has been indicated, this action not only provides 
a very effective (tight) and active (under pressure) seal, 
but it also provides a very firm grip or lock because of 
the high coefficient of friction of these materials. The lead 
locking button 70 is preferably made from a nonconduc- 
tive biocompatible thermoplastic resin, such as polysur- 
fone or nylon. 

It is also noted that sealing ridges 67 placed around 
the circumference of the connecting end 62 of the lead 
64 in accordance with the VS-1A standard (or other 
standards) are tightly received within the opening 71 of 
the lead lock button 70 and/or the receiving channel 72. 
These ridges provide a secondary or back-up passive 
seal that further prevents any body fluids from entering 
the channel 72, just as do the silicone seal ridges 89 pre- 
viously described. 

Referring back to Fig. 4, it is noted that the case 61 
of the pacemaker 60 is typically assembled in halves, 
commonly known as clamshells, with the two halves 
being welded together around their periphery once all of 
the electrical components have been placed therein. 
(The welding seam for a prior art pacemaker, for exam- 
ple, is shown as 113 in Fig. 1) In accordance with the 
present invention, such assembly techniques can con- 
tinue to be used. That is, once the barrel assembly 74 
has been assembled, it is positioned within a suitable 
opening within that half of the pacemaker 60 containing 
the other electrical components (circuits 12 and battery 
14). After the appropriate electrical connections are 
made between the backside of the conductive elements 
80 and 84 and the electrical circuits 1 2, and after the filter 
capacitors C1 and C2 are installed (if such are used), 



and after other conventional assembly steps are com- 
pleted, the other half of the pacemaker case is welded 
or otherwise hermetically bonded to the half of the pace- 
maker case containing all of the pacemaker elements, 

5 and the open end 72 of the barrel assembly 74 is welded 
or otherwise bonded to both pacemaker case halves, in 
order to hermetically seal the entire pacemaker case. In 
a preferred assembly process, the hermeticity of the bar- 
rel assembly provides a measured leak rate of no greater 

w than 2 x 10E-9 atm-cc/sec of air, when tested in accord- 
ance with MIL-STD-883, method 1014, condition A. The 
hermeticity of the pacer assembly may be somewhat less 
than this (i.e., a slightly higher measured rate of leakage) 
due to the aging of the barrel assembly, which aging may 

75 degrade the hermeticity level somewhat. For example, a 
hermeticity level for the pacer assembly of 2 x 1 0E-8 atm- 
cc/sec would be acceptable. 

Referring next to Figs. 7A-7D, an example of the lead 
locking means not according to the present invention is 

20 illustrated. As shown best in Figs. 7A and 7B, this exam- 
ple utilizes a collet 130 that is adapted to be slidably 
inserted into the receiving channel 72' of the f eedthrough 
connector. The collet 130 includes a circumferential lip 
132 (used to help push the collet into and pull the collet 

25 out of the receiving channel 72 1 ) and an engaging detent 
rib 134. Four slits 136, uniformly spaced around the 
periphery of the body of the collet, allow the detent rib 
134 to be radially compressed. However, the material 
from which the collet is made, e.g. an engineering bio- 

30 compatible thermoplastic resin (such as polysurfone or 
nylon), provides a spring bias that tends to force the rib 
134 in an outwardly radial direction. Receiving grooves 
138and140inthethird section 88' of the barrel assembly 
are designed to receive the rib 134 as the collet 130 is 

35 pushed into the receiving channel. The diameter of the 
first groove 1 38 is larger than the diameter of the second 
groove 140. Hence, when the detent rib 134 is received 
in the first groove 138. the collet has not been com- 
pressed to the point where the lead 64 cannot pass 

40 therethrough. Thus, with the detent rib 134 residing in 
the first groove 138, the collet is in its "open" position, 
and the lead 64 can be inserted into the receiving chan- 
nel 72' of the connector. This open position is illustrated 
in Fig. 7C. Note that the collet 130 is held captive within 

45 the connector in this open position, thereby preventing 
the collet from becoming misplaced. However, when the 
collet 130 is further slid into the receiving channel 72', 
such that the detent rib 134 engages the second groove 
140, the collet is compressed to the point where it 

so squeezes the body of the connecting end 62 of the lead 
64 and firmly locks the lead into its inserted position. 
Thus, with the detent rib 134 residing in the second 
groove 140, the collet is in its "locked" position and the 
lead can not be removed from the connector. This locked 

55 position is shown in Fig. 7D. The lead is released by using 
a suitable tool to engage the circumferential lip or rim 1 32 
so that the collet can be pulled or slid from its "locked" 
position to its "open" position. 
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Referring next to Figs. 8A and 8B, another example 
of the lead locking means not according to the present 
invention is shown. In accordance with this example, a 
barrel assembly 74" includes a plurality of keyed chan- 
nels 142 along the inside of a third section 88" of the 5 
barrel assembly. These keyed channels run longitudi- 
nally for a short distance and then make a right angle 
and run circumferentially. Protruding pins 144, or equiv- 
alent engaging elements, are placed into the proximal 
end 62' of the pacing lead. These pins 144 are received w 
within the keyed channels 142 when the lead is inserted 
into the receiving channel 72" of the connector Once the 
pins have traversed the longitudinal length of these chan- 
nels 142, the lead is rotated relative to the receiving 
channel 72", thereby placing the pins 1 44 at the extreme 15 
end of the keyed channels 1 44. With the pins in this posi- 
tion, the lead cannot be longitudinally removed from the 
receiving channel 72". Hence, the lead is locked into the 
connector. Removal of the lead is accomplished by twist- 
ing the lead relative to the connector in the other direction 2 o 
until the pins are aligned with the longitudinal portion of 
the channel 142, at which time the lead can be pulled 
back out of the connector. This type of lead locking mech- 
anism is commonly known as a bayonet-type engage- 
ment. Typically, less than 1 /8 of a turn is required to lock 25 
or unlock the lead. This is felt to provide a significant 
improvement over prior art devices where the lead must 
be threadably inserted into a recess within the pace- 
maker, typically involving many turns, and always involv- 
ing relative rotation between the case and lead in excess 30 
of 360 degrees. 

Fig. 5 illustrates an alternative manner in which the 
barrel assembly 74, of the type previously described in 
connection with Figs. 4 and 6A, could be used with a cir- 
cular pacemaker case 1 20. In such an arrangement, the 35 
location of the pacemaker circuits within the housing is 
altered slightly in order to better utilize the available 
space within the device. For example, Fig. 5 depicts the 
pacemaker electrical circuits as being divided into two 
portions: the pulse generator circuits 1 22 and the telem- 40 
etry circuits 124. Those skilled in the pacemaker art 
could readily divide the pacemaker circuits into these, or 
other, groups for the purpose of optimally utilizing the 
available space within the pacemaker, thereby allowing 
the pacemaker to be as small as possible. 45 

Referring next to Figure 10, there is shown in partial 
cross-section yet another alternate embodiment of the 
lead locking means of the present invention. The locking 
means is in the form of a cam follower arrangement 
which includes cam 146 and cam follower 148. Figure so 
10 shows the cam 146 in a second or closed position, 
whereby the resilient material 103 is compressed so as 
to achieve the pinching or gripping action previously dis- 
cussed. 

To better understand the functioning of the cam fol- 55 
lower means, reference is now made to Figure 1 1 and 
Figures 12A and 12B. As shown in Figure 1 1. the cam 
1 46 has a handle 1 50 which depends from an essentially 
hollow tubular portion 152. The tubular portion 152 has 



an inside diameter 154 sufficient in dimension to allow 
an electrical lead 62 to pass therethrough. Extending 
from the outer surface of tubular portion 152 are a pair 
of oppositely and outwardly facing lobes 156. The lobes 
1 56 extend beyond the surface of tubular portion 1 52 suf- 
ficiently to locate within and engage an annular groove 
158. 

A pair of cutout channels 160 extend in an axial 
direction about one-half the length of the tubular portion 
152. For insertion of the cam within the channel 72, the 
ends 1 62 and 1 64 are pinched together so that the lobes 
156 are drawn sufficiently close together so that they 
avoid interference with the ends of channel 72, and thus 
are capable of being inserted in and moved along chan- 
nel 72. As the cam is inserted further into the channel 
72, the lobes 1 56 will eventually engage the end annular 
groove 158 and the ends 162 and 164, and due to the 
resiliency of the material of which cam 1 56 is formed, will 
move away from each other and resume their normal 
spaced-apart orientation. 

When the lobes 1 56 are inserted in groove 1 58, the 
cam 146 is rotatable between a second or closed posi- 
tion as shown in Figure 1 0 to a first or open position which 
is essentially 1 80 degrees away from the position shown 
in Figure 10. Due to the locking or detent action of the 
lobes 1 56 and groove 1 58, the cam 1 46 is prevented from 
axial translation during rotation between the open and 
closed positions. 

With further reference to Figure 11, there is shown 
the curvilinear surfaces 166 and 168 on cam ends 162 
and 164, respectively. Each curvilinear surface extends 
around respective halves of the tubular portion 152 and 
then terminate at respective flat land segments 1 70 and 
1 72. As will be described below, the curvilinear surfaces 
166 and 168 engage corresponding curvilinear surfaces 
on the cam follower 1 48 to force the cam follower in con- 
tact with material 103 to effect the desired locking and 
gripping action on the electrical lead 62. 

Referring now to Figure 12A and Figure 12B, cam 
follower 148 includes curvilinear surfaces 174 and 176 
which engage surfaces 1 68 and 1 66, respectively, of the 
cam 1 46. Curvilinear surfaces 174 and 1 76 terminate at 
flat land portions 178 and 180, respectively. Anti-rotation 
pin 182 extends radially from the inner surface of tubular 
portion 1 52. Pin 1 82 is of conventional design and is her- 
metically sealed in place by means of resistance-weld- 
ing. Longitudinal groove 184 extends along the outer 
surface of the cam follower 1 48 in an axial direction. The 
cam follower 1 48 is inserted in the channel 72, such that 
pin 1 82 extends into groove 1 84, and the curvilinear sur- 
faces face toward the open end of channel 72. By virtue 
of pin 1 82, the cam follower 1 48 is confined to axial trans- 
lation only. 

When the cam 146 is inserted into the channel 72 
and oriented in the first or open position, the correspond- 
ing curvilinear surfaces of the cam and cam follower are 
in contact. As the cam 1 46 is rotated from the first toward 
the second position in a clockwise direction (as viewed 
looking into the open end of channel 72), due to the 
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action of the curvilinear surfaces upon each other, the 
cam follower 148 is urged away from the cam 146 then 
to engage and compress material 103. As the cam 146 
is further rotated to the second position, the respective 
flat land segments engage each other to establish a lock- 5 
ing position. As mentioned previously, due to the 
engagement of lobes 1 56 and groove 1 58 during rotation 
of the cam 146, the cam is confined only to rotational 
motion, whereas the cam follower 148 is confined only 
to translational motion. At the second position, flat land 70 
segments 1 72 and 1 80 are in contact and flat land seg- 
ments 170 and 178 are also in contact to establish a 
locked condition. 

Although a counter-clockwise direction was 
described, it is to be understood that clockwise rotation 15 
with correspondingly reversed curvilinear surfaces is 
also contemplated by the present invention. 

Furthermore, other cam follower means are also 
contemplated by the present invention. 

20 

Claims 

1. An implantable medical device comprising: an her- 
metically sealed housing (44); an electrical circuit 
(12) within the housing; an electrical connector 25 
within the housing (44) comprising a tubular barrel 
having an open end and a closed end (76), the open 
end being attached to an exposed surface of the 
housing (44), the closed end (76) being internal to 
the housing (44), the tubular barrel creating a tubular 30 
channel (72) that protrudes into the sealed housing 
(44), but does not break the seal of the housing; and 
locking means for detachably locking and gripping 
an electrical lead (62) inserted into the open end of 
the tubular channel (72) in electrical contact with ss 
conductive means; characterised in that: the tubular 
barrel is in the form of a tubular barrel assembly (74) 
in which the inside of the tubular channel (72) is open 
to the outside of the sealed housing (44) through the 
open end, and the inside of the tubular channel (72) 40 
has engaging means (158); the tubular barrel 
assembly (74) further comprising means for making 
electrical contact (94) between the electrical circuit 
and the conductive means in the form of a selected 
first portion (80) of the inside of the tubular channel 45 
(72); the locking means comprising: a cam (146) and 
cam follower (148) each having a hollow essentially 
tubular coaxial portion (152) having a diameter that 
allows the electrical lead (62) to pass therethrough, 
the cam (1 46) being rotatable between a first and a so 
second position, the cam (1 46) having detent means 
(156) being received by the engaging means (158) 
for preventing axial translation of the cam (146), the 
cam follower ( 1 48) engaging the cam ( 1 46) such that 
as the cam (1 46) is rotated from the first to the sec- ss 
ond position, the cam follower (148) moves away 
from the cam (1 46) in an axial direction; and gripping 
means (103) for engaging the cam follower (148) 
and for gripping the electrical lead whenever the cam 



(146) is rotated from the first to the second position 
and for releasing the electrical lead (62) whenever 
the cam (1 46) is rotated from the second to the first 
position. 

2. A device as claimed in Claim 1 , characterised in that 
the conductive means comprise a plurality of con- 
ductive cylindrical portions (80,84,88) in the tubular 
channel and coaxial with the axis of the barrel 
assembly (74), the diameter of successive cylindri- 
cal portions (80,84,88) progressively decreasing 
from the open end to the close end (76), and the 
means for making electrical contact (94,100) makes 
contact between the conductive cylindrical portions 
(80,84) of the tubular channel (72) and the electrical 
circuit (12). 

3. A device as claimed in Claim 2, characterised in that 
locking means includes engaging means compris- 
ing an annular groove (158) and the detent means 
comprises at least one lobe (156) protruding from 
an outer surface of the cam (146), the at least one 
lobe being adapted to be received within the annular 
groove (158) to confine the cam (146) to rotational 
motion when the lobe (156) is received within the 
groove (158). 

4. A device as claimed in Claim 3, characterised by pin 
means (182) extending radially from an inside sur- 
face of the tubular channel (72), groove means (1 84) 
extending in an axial direction on an outer surface 
of the cam follower (1 48) for engaging the pin means 
(1 82) for confining the cam follower (1 48) to transla- 
tional motion in an axial direction. 

5. A device as claimed in any preceding Claim, char- 
acterised in that the cam and the cam follower 
(146,148) each have corresponding matching and 
engaging curvilinear portions (166,168,174,176) 
and flat land portions (170,172,178,180), such that 
during rotation of the cam from the first to the second 
position, the cam follower (148) engages the cam 
(146) initially along the respective curvilinear por- 
tions and then along the respective flat land portions, 
whereby when the cam and cam follower are 
engaged along their respective flat land portions the 
cam and cam follower remain in a relatively locked 
position. 

6. A device as claimed in Claim 5, characterised in that 
at least one lobe comprises a pair of opposite and 
outwardly facing lobes (156). 

7. A device as claimed in any preceding Claim, char- 
acterised in that the locking means further com- 
prises: cam follower means (148) movable axially 
inwards towards the end of the tubular barrel assem- 
bly (74) in response to rotation of the cam follower 
means (148) from a first to a second position; and 
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gripping means (103) for engaging the cam follower 
means (148) and for gripping the electrical connec- 
tor (62), whenever the cam follower means (148) is 
rotated from the first to the second position. 

5 

8. A device as claimed in Claim 7, characterised in that 
the cam follower means (148) is in the second posi- 
tion, the cam follower means (1 48) is in a locked con- 
dition. 

10 

PatentansprOche 

1. Implantierbare, medizinische Vorrichtung umfas- 
send: ein hermetisch abgedichtetes Gehause (44), 
eine elektrische Schaltung (12) innerhalb des 15 
Gehauses, einen elektrischen Verbinder innerhalb 
des Gehauses (44), der einen rohrfOrmigen Zylinder 
mit einem offenen Ende und einem geschlossenen 
Ende (76) umfaBt. wobei das offene Ende an einer 
freigelegten Oberfiache des Gehauses (44) befe- 20 
stigt ist, wobei das geschlossene Ende (76) sich 
innerhalb des Gehauses (44) befindet, wobei der 
rohrfOrmige Zylinder einen rohrfOrmigen Kanal (72) 
schafft, der in das abgedichtete Gehause (44) vor- 
steht, aber die Abdichtung des Gehauses nicht 25 
unterbricht, und Verriegelungsmittel, urn eine elek- 
trische Leitung (62), die in das offene Ende des rohr- 
fOrmigen Kanals (72) eingesetzt ist, in elektrischem 
Kontakt mit leitfahigen Mrtteln lOsbar zu verriegeln 
und zu ergreifen, dadurch gekennzelchnet, daB 30 
der rohrfOrmige Zylinder die Form einer rohrfOrmi- 
gen Zyfinderanordnung (74) besitzt, bei der das 
Innere des rohrfOrmigen Kanals (72) zu der AuBen- 
serte des abgedichteten Gehauses (44) hin durch 
das offene Ende hindurch offen ist und das Innere 35 
des rohrfOrmigen Kanals (72) Erfassungsmittel 
(158) aufweist, wobei die rohrfOrmige Zylinderan- 
ordnung (74) weiterhin Mittel zur Herstellung eines 
elektrischen Kontakts (94) zwischen der elektri- 
schen Schaltung und den leitfahigen Mitteln in der 40 
Form eines ausgewdhlten ersten Bereichs (80) des 
Inneren des rohrfOrmigen Kanals (72) aufweist, 
wobei die Verriegelungsmittel umfassen: einen Nok- 
ken (146) und einen Nockennachiaufer (148), 
jeweils mit einem hohlen, im wesentlichen rohrfOr- 45 
migen, koaxialen Bereich (152) mit einem Durch- 
messer, der den Durchtritt der elektrischen Leitung 
(62) zulaBt, wobei der Nocken (146) zwischen einer 
ersten und einer zweiten Stellung drehbar ist, wobei 
der Nocken (1 46) Arretierungsmittel (1 56) aufweist, so 
die durch die Erfassungsmittel (158) aufgenommen 
werden, urn die axiale Translationsbewegung des 
Nockens (146) zu verhindern, wobei der Nocken- 
nachiaufer (148) den Nocken (146) derart erfeBt, 
daB der Nocken (146) aus der ersten in die zweite ss 
Stellung gedreht wind, der Nockennachiaufer (148) 
sich von dem Nocken (1 46) in einer axialen Richtung 
wegbewegt, und Erfassungsmittel (103), urn den 
Nockennachiaufer (148) zu erfassen und die elektri- 
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sche Leitung immer dann zu erfassen, wenn der 
Nocken (146) aus der ersten Stellung in die zweite 
Stellung gedreht wird, und urn die elektrische Lei- 
tung (62) immer dann freizugeben, wenn der Nok- 
ken (146) aus der zweiten in die erste Stellung 
gedreht wird. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zelchnet, daBdie leitfdhigen Mittel eine Vielzahl von 
leitfahigen zylindrischen Bereichen (80, 84, 88) in 
dem rohrfOrmigen Kanal und koaxial zu der Achse 
der Zylinderanordnung (74) umfassen, wobei der 
Durchmesser aufeinanderfolgender zylindrischen 
Bereiche (80. 84, 88) fortschreitend von dem offe- 
nen Ende zu dem geschlossenen Ende (76) 
abnimmt, und die Mittel zur Herstellung eines elek- 
trischen Kontakts (94, 100) einen Kontakt zwischen 
den leitfahigen zylindrischen Bereichen (80, 84) des 
rohrfOrmigen Kanals (72) und der elektrischen 
Schaltung (12) herstellen. 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zelchnet, daB die Verriegelungsmittel Erfassungs- 
mittel umfassen, die eine ringfOrmige Nut (158) 
aufweisen und die Arretierungsmittel mindestens 
einen Lappen (156) der aus einer AuBenfiache des 
Nockens (146) vorsteht. aufweisen, wobei der min- 
destens eine Lappen innerhalb der ringf Ormigen Nut 
(158) aufgenommen werden kann, urn den Nocken 
(146) auf die Drehbewegung zu beschrdnken, wenn 
der Lappen (156) innerhalbder Nut (1 58) aufgenom- 
men ist. 

4. Vorrichtung nach Anspruch 3, gekennzelchnet 
durch einen Stiff (182), der sich radial von einer 
Innenfiachedes rohrfOrmigen Kanals (72) erstreckt, 
wobei sich eine Nut (184) in axialer Richtung zu 
einer AuBenfiache des Nockennachldufers (148) 
zum Erfassen des Stifts (182) erstreckt, urn den 
Nockennachiaufer (148) auf eine translatorische 
Bewegung in axialer Richtung zu beschrdnken. 

5. Vorrichtung nach einem der vorhergehenden 
AnsprOche, dadurch gekennzelchnet, daB der 
Nocken und der Nockennachiaufer (146, 148) 
jeweils entsprechende, zusammenpassende und 
sich beruhrende, krummlinige Bereiche (166. 168, 
174, 176) und flache AnschluBflachenbereiche 
(170, 172, 178, 180) derart aufweisen, daBwdhrend 
der Drehung des Nockens aus der ersten in die 
zweite Stellung der Nockennachiaufer (148) den 
Nocken (146) anfanglich entlang der jeweiligen 
krummlinigen Bereiche und dann entlang der jewei- 
ligen flachen AnschluBbereiche beruhrt, wodurch 
dann, wenn der Nocken und der Nockennachiaufer 
entlang ihrer jeweiligen flachen AnschluBflachenbe- 
reiche beruhrt sind, der Nocken und der Nocken- 
nachiaufer in einer relativ verriegelten Stellung 
bleiben. 
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6. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, daB mindestens ein Lappen ein Paar von 
einander gegenQberliegenden und nach auBen 
gewandten Lappen (156) umfaBt. 

5 

7. Vorrichtung nach einem der vorhergehenden 
AnsprQche, dadurch gekennzeichnet, dafldie Ver- 
riegetungsmittel weiterhin umfassen: einen Nocken- 
nachiaufer (148), der axial nach innen in Richtung 
auf das Ende der rohrfOrmigen Zylinderanordnung io 
(74) in Abhangigkert von der Drehung des Nocken- 
nachiaufers (148) aus einer ersten in eine zweite 
Stellung bewegbar ist und Erfassungsmittel (103), 

um den Nockennachldufer (148) zu beruhren und 
urn den elektrischen Verbinder (62) zu erfassen, is 
wenn der Nockennachiaufer (148) aus der ersten in 
die zweite Stellung gedreht wird. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet, daB dann, wenn sich der Nockennachiau- 20 
fer (148) in der zweiten Stellung befindet, sich der 
Nockennachldufermittel (148) in einer verriegeiten 
Stellung befindet. 

Revendications 2s 

1. Un dispositif medical implantable comprenant : un 
boTtier (44) scell6 hermdtiquement; un circuit 6lec- 
trique (12) a I'int6rieur du boTtier; un connecteur 
aiectrique a I'int6rieur du boTtier (44), comprenant 30 
une douille tubulaire ayant une extr£mit6 ouverte et 
une extr6mit6 fermae 76), I'extramita ouverte 6tant 
fix6e a une surface k nu du boTtier (44), I'extramita 
fermae (76) se trouvant a I'intarieur du boTtier (44), 
la douille tubulaire formarrt un canal tubulaire (72) 35 
qui fait saillie a I'intarieur du boTtier (44) scelia, mats 
qui ne rompt pas le scellement du boTtier; et des 
moyens de verrouillage pour verrouiller et retenir de 
fagon libarable un cable aiectrique (62) qui est intro- 
duit dans I'extramita ouverte du canal tubulaire (72), 40 
en contact aiectrique avec des moyens conduc- 
teurs; caractarisa en ce que : la douille tubulaire se 
prgsente sous la forme d'une structure de douille 
tubulaire (74) dans laquelle I'intarieur du canal tubu- 
laire (72) s'ouvre a I'ext6rieur du boTtier scelia (44) 45 
par I'extramita ouverte, et I'intarieur du canal tubu- 
laire (72) comporte des moyens de raception (1 58); 
la structure de douille tubulaire (74) comprenant en 
outre des moyens pour atablir un contact aiectrique 
(94) entre le circuit aiectrique et les moyens conduc- so 
teurs. se pr6sentant sous la forme d'une premiare 
partie s6lectionn6e (80) de I'intarieur du canal tubu- 
laire (72); les moyens de verrouillage comprenant : 
une came (1 46) et une contre-came (1 48) ayant cha- 
cune une partie coaxiale (1 52) creuse et fondamen- ss 
talement tubulaire, ayant un diam&re qui permet au 
cable aiectrique (62) d'y passer, la came (146) pou- 
vant dtre tourn6e entre une premiare position et une 
seconds position, la came (146) comprenant des 



moyens d'encliquetage (156) qui sont regus par les 
moyens de raception (158), pour empdcher une 
translation axiale de la came (146), la contre-came 
(1 48) venant en contact avec la came (1 46) de fagon 
que lorsque la came (146) est tournae de la pre- 
miare position a la seconde position, la contre-came 
(148) s'aioigne de la came (146) dans une direction 
axiale; et des moyens de retenue (103) pour venir 
en contact avec la contre-came (1 48) et pour retenir 
le cable aiectrique chaque fois que la came (146) 
est tournae de la premiare position a la seconde 
position, et pour reiacher le cable aiectrique (62) 
chaque fois que la came (146) est tournae de la 
seconde position a la premiare position. 

2. Un dispbsrtif selon la revendication 1 , caract6ris6 en 
ce que les moyens conducteurs comprennent un 
ensemble de parties cylindriques conductrices (80, 
84, 88) dans le canal tubulaire, coaxiales par rapport 
a I'axe de la structure de douille (74), le diamatre de 
parties cylindriques successives (80, 84, 88) 
dacroissant progressivement a partir de I'extramita 
ouverte jusqu'a I'extramita fermae (76), et les 
moyens destinas a atablir un contact aiectrique (94, 
100) atablissent un contact entre les parties cylin- 
driques conductrices (80, 84) du canal tubulaire (72) 
et le circuit aiectrique (12). 

3. Un dispositif selon ia revendication 2, caractarisa en 
ce que les moyens de verrouillage comprennent des 
moyens de raception comprenant une gorge annu- 
lare (158), et les moyens d'encliquetage compren- 
nent au moins un lobe (156) faisant saillie a partir 
d'une surface extarieure de la came (146), le lobe, 
ou chacun d'eux, atant congu pour dtre regu a flnta- 
rieur de la gorge annulaire (1 58), pour limiter le mou- 
vement de la came (146) a un mouvement de 
rotation, lorsque le lobe (156) est regu a I'intarieur 
de la gorge (158). 

4. Un dispositif selon la revendication 3, caractarisa 
par une structure d'ergot (182) s'atendant en direc- 
tion radiale a partir d'une surface intar ieure du canal 
tubulaire (72), une structure de rainure (1 84) s'aten- 
dant dans une direction axiale sur une surface exta- 
rieure de la contre-came (148), pour s'accoupler a 
la structure d'ergot (1 82), de fagon a limiter le mou- 
vement de la contre-came (148) a un mouvement 
de translation dans une direction axiale. 

5. Un dispositif selon I'une quelconque des revendica- 
tions pracadentes, caractarisa en ce que la came et 
la contre-came (146, 148) ont chacune des parties 
curvilignes correspondantes (166, 168, 174, 176), 
mutuellement adaptaes et venant en contact 
mutuel, et des parties maplates (170, 172, 178, 
180), de fagon que pendant la rotation de la came 
de la premiare position vers la seconde position, la 
contre-came (148) vienne en contact avec la came 
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(146) initialement le long des parties curvilignes res- 
pective^ et ensuite le long des parties m6plates res- 
pectives, grace k quoi lorsque la came et la centre- 
came sont en contact le long de leurs parties m6p!a- 
tes respectives. la came et la contre-came restent 5 
dans une position de verrouillage relatrf. 

6. Un dispositif selon la revendication 5, caract6ris6 en 
ce que le ou les lobes comprennent une paire de 
lobes (1 56) oppos6s et faisant face vers I'ext6rieur. 10 

7. Un dispositif selon Tune quelconque des revendica- 
tions pr6c6dentes, caract6ris6 en ce que les moyens 
de verrouillage comprennent en outre : une structure 

de contre-came (1 48) pouvant fitre d6plac6e axia- 15 
lement vers rint6rieur, en direction de Textr6mit6 de 
la structure de douille tubulaire (74). sous I'effet de 
la rotation de la structure de contre-came (148) 
d'une premiere position vers une seconde position; 
et des moyens de retenue (103) pour venir en con- 20 
tact avec la structure de contre-came (148). et pour 
retenir le connecteur 6lectrique (62). chaque fois 
que la structure de contre-came (148) est tourn6e 
de la premiere position & la seconde position. 

25 

8. Un dispositif selon la revendication 7. caract6ris6 en 
ce que lorsque la structure de contre-came (1 48) est 
dans la seconde position, cette structure de contre- 
came (148) est verrouiltee. 
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